Despite costly flood risk reduction efforts, material damage and death toll caused by river floods continue to be high in Europe. In the present review paper, after outlining a process-based perspective, we examine observed and projected changes in flood hazard. Spatial and temporal 
INTRODUCTION
Despite massive flood risk reduction efforts and high expenditures on structural defenses, floods continue to be an acute problem throughout Europe, causing high material damage and death toll. There have recently been several flood events with material damage up to tens of billions of euros. After the flood-rich decade of the 1990s, with several disastrous flood events in Europe, the 21st century has continued to witness many destructive floods. There is persuasive evidence that the damage caused by river flooding is on an upward trend.
Although the term 'risk' has several interpretations, it is typically considered as a combination of hazard (measured via frequency or probability of high river stage and discharge) and adverse consequences. Flood risk has clearly been intensified by humans, who have caused increase in the 'load' and decrease in the 'resistance' of the system (from the parlance of mechanics). Anthropogenic changes may thereby increase the river flood magnitude for a particular design precipitation, and amplify the flood damage, because growing wealth has been accumulated in high flood-risk areas. This is apart from any anthropogenic increase in the actual load: through, for example, a warmer atmosphere with potential to carry more moisture, and facilitating more intense and/or prolonged rainfall.
Increasing flood damage has intensified concern among European nations. Non-stationarity in extreme precipitation and high river discharge due to climatic change has become an active research area, high on research agendas in the European Union (EU) and in individual EU member countries, with abundant recent research projects and publications. Numerous recent studies of changes in river flood hazard and risk include Europe-wide studies, larger regional systems, driving land use and land cover and interventions in the river channel and floodplains also play a role.
Climate-system factors determining flood risk via river flood hazard include the water-holding capacity (and water vapor content) of the atmosphere and the characteristics of intense precipitation, such as its amount and distribution in space and time. According to the Clausius-Clapeyron law, there is more room for water vapor in a warmer atmosphere, hence an increased potential for intensive precipitation. However, climate-driven changes in flood frequency may exhibit huge complexity and depend on the specific generating mechanisms. Under a warmer atmosphere in European latitudes, flood magnitudes are expected to rise where floods result from increasingly heavy rainfalls, but may decrease where snowmelt is the principal flood-generating mechanism: winter snow cover may decrease, and the time of greatest flood risk may shift ahead in time from spring towards winter.
However, warming may not reduce snowmelt flooding everywhere; as winter precipitation increases in much of the continent, snow cover may increase in areas where the winter temperature still remains below the freezing point.
Hence, direct climatic determinants of flood hazard include: precipitation amounts (in particular, heavy precipitation), snow cover amounts, and winter-spring temperature regime (e.g., rapid snowmelt, river ice break-up, etc.).
Watershed characteristics also drive flood risk via flood hazard. Important hydrological and terrestrial characteristics include: catchment size, slope, elevation, geology, land cover, topography, and soils. All may affect the frequency and size of flood hydrographs, which vary in shape but may be characterized by characteristics at a crosssection of interest, e.g., flow amplitude, frequency of exceedance, seasonality. Standard flood frequency analyses commonly incorporate series of annual flood peak discharges (Klingeman ).
Changes in the land surface related to land-use and landcover changes (LUCC), such as decreased retention, increased drainage rate increase, and reduced surface permeability, affect runoff and flood hydrographs. LUCC, e.g., caused by socio-economic factors, condition the transformation of rainfall into runoff. If land use is modified within a catchment (e.g., resulting in conversion of forested land into urban land), then downstream water levels and discharges in response to a given precipitation input may increase, as runoff coefficient is much higher over paved land than vegetated land. Hence, under assumption of the same size and topography of a basin, an urban and a rural catchment react differently to the same precipitation; the peak discharge in the urban area is higher, while the time-topeak is shorter. However, the river stage and thus the risk of flooding also depend on engineered changes to the course of rivers, e.g., dikes constructed for river valley development. While the increase in flood risk may be an unwelcome and unintended side effect of human activities, in contrast, flood risk reduction is most often from deliberate activity.
In general, construction of river engineering structures (e.g., embankments, dikes, and dams) and river regulation (e.g., channel straightening and shortening, and narrowing, channelization, construction of by-pass channels) alters the transformation of precipitation into river runoff and resulting flood hydrographs. In particular, the response time of the system to rainfall or snowmelt is affected. Counter-intuitively, flood damage in many parts of the world has been increasing because of structural defenses such as dikes and levees. Typically, dikes offer adequate protection against small and medium size floods, i.e., the number of damaging floods in this range decreases when dikes are in place.
Hence, the positive effects of dikes against floods lower than the design flood are evident, but the protection thereby provided encourages more development, setting the stage for extreme losses and fatalities when a rare storm causes levee-overtopping discharges or even levee breaches (Brakenridge et al. ) .
In summary, there are important interlinkages between climate, terrestrial, and socio-economic systems as regards flooding; we consider floods not simply as particular peak discharges with certain expected return periods and measured frequency, but as the final result of the interplay of these various processes. Then, remains the quality of the observational data used to measure floods. For example, some workers infer a 'CNN effect'; improvements in flood news reporting can lead falsely to conclusions of increased flooding. Today, when a major flood strikes anywhere (almost), it is reported quickly on television and other electronic media news sources worldwide; such coverage was not so complete only some decades ago. As we examine flood trends in Europe, therefore, we must attempt to correct for the effects of increasingly better information and/ or refer to more objective streamflow records. There is no doubt that costs related to flood damage have been increasing, and partly due to the increasing exposure of people and assets (Kundzewicz et al. ) . izons 1990 (1976-2005) and 2020 (2006-2035) . This means that, on average, in Europe, exceedance of Q100 established for the control period is projected to become twice more frequent within three decades, between time horizon 1990 and 2020 (the latter year, in fact -the center of a 30-year interval, is very close to now). Changes for further time horizons are less consistent. For all 37 European countries considered, Q100 is projected to increase. However, for most countries, there is no monotonic increase of annual exceedance frequency of the 100-year flood for two further future time horizons, 2050 (2036-2065) and 2080 (2066-2095) . 
OBSERVATIONS FOR EUROPE

PROJECTIONS FOR THE FUTURE
CONCLUDING REMARKS
In Europe, wealth in flood-prone areas, hence damage potential, has undoubtedly increased and so has flood damage. In regard to climate, a trend towards higher and more intense precipitation has been reliably detected in many regions of Europe and this trend is expected to strengthen with a warmer atmosphere, thus surely affecting rain-caused river flood risk.
However, so far, changes in flood characteristics have been difficult to detect in observation records. As demonstrated in this review paper, no robust and ubiquitous increase in the amplitude and frequency of high river flows throughout Europe could be detected, although an increasing tendency in the number of floods with large magnitude and severity can be noted, as reported in this present paper, based on records from the DFO. In general, it is difficult to disentangle the climatic change component from strong natural variability and direct human impacts. The impact of climate forcing on river flood hazard is complex and largely depends on the flood generation mechanism.
There is a considerable spread of river flood hazard projections in Europe, among different large-scale (global and panEuropean) model-based studies. Lack of robust projections means that caution must be exerted by national, sub-national, or local decision-makers in charge of climate change adaptation, flood risk reduction, risk insurance, and water resources management. However, despite the inherent uncertainties, flood hazard projections for the future will increasingly be able to inform decision-making processes as the models and observational data improve. To reduce flood risk in Europe, focused attention could also make use of observed geographic distribution of the most damaging events, together with the modeled predictions. Also, climate change does not increase flood risk everywhere and in all seasons; for example, a general decrease in flood magnitude and earlier spring floods has been predicted for catchments with snowmelt-dominated peak flows, and this prediction is broadly consistent with observation.
Existing procedures for designing structural flood defensesdikes, dams, spillways, and reservoirs, etc., are typically based on the assumption of stationarity of river discharge process (Kundzewicz & Kaczmarek ). Thus, the design flood (that should be withstood by the structure), such as 100-year flood, is assumed constant. However, the assumption of stationarity is not applicable due to changes in climate, in hydrological regime (e.g., LUCC, urbanization, and wetland draining), and in river infrastructure. Common-sense changes to design rules have been introduced in some EU countries, based on precautionary principle taking nonstationarity into account (Kundzewicz et al. , ) . If a new flood is the flood of record, larger than any observed prior, extrapolation of our relatively short flow series, using the standard probability distributions and the stationarity assumption, may indicate such event to be exceptionally rare, e.g., 'the 1,000 year flood'. Yet, our scientific understanding actually supports this flood as 'the new normal'; a rare event, perhaps, but one that must now be incorporated into the flow series, and with corresponding shorter calculated recurrence intervals.
Flood hazard projections are a challenge for hydrological scientists, whose duty (cf. Watts ) is to inform many socially important decisions that affect human wellbeing and livelihoods. Efficient transfer of information contained in projections (including their uncertainty and lack of robustness) to practitioners warrants serious consideration. 
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